The present investigation was designed to evaluate the effect of histamine on isolated rings of horse deep dorsal penile vein. Under precontracted or basal conditions, histamine evoked an endothelium-independent contraction. Preincubation of the vein rings with the selective H 1 receptor antagonist, mepyramine, shifted the concentration -response curve for histamine and to the H 1 receptor agonist 2-pyridylethylamine to the right in a competitive manner. Pretreatment with cimetidine, a specific H 2 receptor antagonist, did not modify the pEC 50 and maximal contraction of the histamine response. Cimetidine and propranolol failed to induce a change in the relaxation caused by dimaprit, the H 2 receptor agonist. Histamine contraction was unaffected by thioperamide, the specific H 3 receptor antagonist. (R)-a-methylhistamine, the H 3 receptor agonist, also induced contractions which persisted in the presence of either thioperamide or tetrodotoxin. These data indicate that horse deep dorsal penile vein shows an endothelium-independent contraction response to histamine, mainly mediated by H 1 receptors.
Introduction
The integrity of the vasculature of the penis is essential for normal erectile function, with vascular damage being one of the most common pathological causes of erectile dysfunction. 1 Under both normal and pathological conditions, pressure buildup in the corpus cavernosum during erection depends mainly on the interaction between the arterial inflow system and the venous draining system. It should be pointed out that venous draining vessels do not fully collapse and flow through the penis continues throughout the erection period. 2 The active contribution of penile veins to the reduction in venous outflow has not been fully established, but the findings of several studies suggest that an active mechanism of venous occlusion adds to passive compression of the outflow pathway resulting from cavernous sinusoidal distension. 1, 3 Moreover, some authors claim that large veins including the deep dorsal veins might be involved in the physiology of erection. 4 Though the discovery of the selective and potent inhibitor of type V cyclic GMP phosphodiesterase, sildenafil, has meant considerable advance in the treatment of impotency, 5, 6 the role played by vasoactive factors such as cytokines, autacoids and=or neurotransmitters in maintaining normal penile function is not yet fully understood. Postjunctional a-and b-adrenoceptors and prejunctional a 2 -adrenoceptors have been identified in corpus cavernosum 7 and in penile resistance (helicine) arteries, which control blood flow between the systemic arterial circulation and cavernous sinusoids. 8, 9 In circumflex veins 10 and in the deep dorsal penile vein, 11 a-adrenoceptor functions have also been demonstrated. Histamine has also been proposed as a possible mediator of penile erection on the grounds that histamine-containing mastocytes have been identified in erectile tissue, coupled with the fact that the administration of this amine to the cavernous body is capable of evoking an erection. 12, 13 Kirkeby et al, 10 however, found that the histamine-induced relaxation of precontracted human corpus cavernosum preparations and circumflex veins was not significantly affected by blockage of H 1 and H 2 receptors. In contrast, Kim et al, 14 reported that the histamine H 1 receptor was the main functional receptor subtype mediating smooth muscle contraction in the rabbit corpus cavernosum, yet other authors have shown the involvement of H 2 receptors and no evidence of H 1 receptor function in the histamine-induced relaxation of human cavernosal strips. 15 Moreover, our recent observations indicate that the effect of histamine on dorsal penile arteries is quite variable among different species (human, horse and rabbit). 16 -18 This amine has been shown to elicit vasodilation, vasoconstriction, or a combination of both these responses via stimulation of H 1 receptors, H 2 receptors or both. Taken together, the results of these studies point to a role of this endogenous amine in the regulation of penile function.
This study was designed to determine the response of the horse deep dorsal penile vein to histamine, to characterise the functionally active histamine receptors and to examine the dependence of the histamine-induced response on the presence of the endothelial layer.
Materials and methods

Vascular preparations and measurement of tension
The penile tracts of young horses were obtained from a local slaughterhouse shortly after they were killed. The entire penis was transported to the laboratory in ice-cold physiological saline solution (PSS) to minimise tissue metabolism.
The deep dorsal vein was identified and dissected free from surrounding connective tissue with the aid of a stereomicroscope (Nikon SMZ 2B). Vessel rings approximately 3 mm in length were transferred to organ baths containing PSS at 37 C and aerated with a mixture of 95% O 2 and 5% CO 2 to maintain the pH at 7.4. The rings were mounted between two parallel L-shaped stainless steel wires (150 mm diameter). The endothelium of some rings was mechanically removed by gentle rubbing of the intimal surface with a stainless steel wire. Special care was taken to avoid damage to the endothelium. One wire was fixed to a displacement unit allowing fine adjustment of tension while the other was attached to a force transducer (Grass FT03C). Isometric tension was recorded on a polygraph (Houston D-5236-5). The preparations were allowed to equilibrate for about 30 min in PSS and washed with fresh (37 C) PSS at 15 min intervals. After this equilibration period, each ring was stretched in a stepwise fashion to the optimal point of its length-tension ratio ( % 1 g).
Experimental procedure
In all the experiments, the vein rings were exposed to a twice depolarising potassium solution (119 mM, K-PSS) at intervals of about 30 min.
The integrity of the vascular endothelium was confirmed by immediate relaxation (80 -100%) induced by acetylcholine (10 76 M) in vessels precontracted by noradrenaline. A lack of relaxation induced by exposure to the same concentration of acetylcholine with no loss of response to papaverine (10 74 M), was interpreted to indicate a non-functional endothelium.
For experiments in which the effect of agonists on vein rings precontracted with noradrenaline (10 76 M) (2.58 AE 0.21 g; n ¼ 30) were examined, the results are given as a percentage of the vascular contraction induced by this preconstrictor. These noradrenaline concentrations yielded a stable level of contraction of sufficient duration to permit the analysis of the agonist response. Effects observed in preparations at basal tone were expressed as a percentage of the contractile response to K-PSS shown by each vessel (4.30 AE 0.33 g; n ¼ 30).
Since consecutive cumulative concentrationresponse curves to histamine indicated a desensitisation effect that modified the agonist response; only one concentration -response curve per vein ring was obtained under precontracted and basal conditions. Thus, it was necessary to use consecutive segments from the same animal in parallel experiments, with one ring acting as the control for the other. Cumulative concentration -response curves for histamine and various histaminergic agonists were obtained by increasing the organ bath concentration in half-log-unit steps.
In order to examine the activity of each individual histamine receptor subtype, a given receptor agonist was tested after pretreatment with a specific antagonist to the other two receptor subtypes.
Analysis of results
The agonist concentration required to give a halfmaximal response (EC 50 ) was determined for each concentration -response curve by computerised iteration. Responses and logarithmic concentrations were fitted to the Hill equation using the GraphPAD InPlot, non-linear curve fitting programme for personal computers (GraphPAD Software, San Diego, CA, USA). Sensitivities to the agonists are given in terms of pEC 50 values, defined as the negative logarithm of the EC 50 for the agonists used.
Antagonist potency was assessed by calculating the pA 2 value determined from the Schild plot analysis. 19 In this method, the log concentration ratio (CR)-1 of the agonist is plotted against the log concentration of the antagonists and these plots are then subjected to linear regression analysis. The concentration ratio denotes the ratio of the EC 50 value obtained in the presence and absence of a given concentration of antagonist. The slope of the Schild plot is an indication of the nature of the antagonism. The slope should ideally be 1 if the response involves simple competitive antagonism at one receptor subtype only. Provided the regression of the Schild plot is linear and the slope is not significantly different from unity, the antagonist is in equilibrium with the receptor and the pA 2 value, The following drugs were used: acetylcholine hydrochloride, cimetidine, histamine dihydrochloride, noradrenaline hydrochloride, papaverine hydrochloride, phentolamine hydrochloride, propranolol hydrochloride, tetrodotoxin (Sigma, USA), mepyramine maleate (a kind gift from Rhô ne Poulenc Rorer, UK), dimaprit dihydrochloride, 2-pyridylethylamine dihydrochloride (a kind gift from SmithKline Beecham, UK), (R)-a-methylhistamine dihydrogenomaleate and thioperamide maleate (a kind gift from Bioproject, France). All drugs were added in volumes not exceeding 0.3% of that of the organ bath to reach the final required concentration, and were dissolved in distilled water with the following exceptions: papaverine were prepared in ethanol (99%) and thioperamide was dissolved in dimethylsulphoxide. Previous experiments showed that the solvents used had no effect on preparations. Stock solutions of drugs were stored at 7 20 C and fresh dilutions were made daily. Concentrations of agents were expressed as the final concentration in the organ bath.
Statistical analysis
Results are given as mean values AE standard error of the mean (s.e.m.) or 95% confidence limits. Statistical determinations were performed using the Student's t-test for paired or unpaired observations where appropriate. A P-value less than 5% We also found histamine only induces contraction in horse corpus cavernosum strips (data not shown).
Histamine receptor antagonists
To rule out the involvement of adrenoceptors in the histamine-induced contraction, a set of experiments was performed on resting vein rings in the presence of phentolamine (10 76 M). Inhibition of a-adrenoceptors did not affect the concentration response curves to histamine (control, pEC 50 To determine whether the H 1 receptor is involved in the contractile effect shown by histamine, concentration -response curves of resting segments were obtained in the presence of increasing concentrations of mepyramine (3 6 10 79 -3 6 10 78 M). Figure 1a shows that the H 1 receptor antagonist induced a parallel rightward displacement of the curves without changing maximal contractions. The Schild plot yielded a line with a slope of 0.98 AE 0.16 and a pA 2 value of 9.10 AE 0.12 ( Figure 1b) . The pK B value for mepyramine calculated from a plot constrained to unity was 8.98 AE 0.17 (n ¼ 7).
Given the possibility of unmasking a possible relaxant effect brought about by the H 2 or H 1 receptor, the histamine response was tested in precontracted segments. In the presence of the H 2 receptor antagonist, cimetidine (10 75 M), the contraction induced by histamine did not differ significantly from that observed in control responses (control, pEC 50 (Figure 3a) , showing a pA 2 value of 8.68 AE 0.19 and a slope not significantly different to unity (0.98 AE 0.22) (Figure 3b ). The plots were constrained to unity yielding a pK B value of 8.30 AE 0.21 for mepyramine (n ¼ 6).
Dimaprit (10 79 -10 73 M), a specific histamine H 2 receptor agonist, showed a relaxant effect (pEC 50 ¼ 3.62 AE 0.05; maximal relaxation (MR) ¼ 46.19 AE 4.61%) at very high concentrations on precontracted veins. The presence of cimetidine (10 75 M) in the organ bath did not affect the control response to dimaprit (pEC 50 ¼ 3.51 AE 0.08; MR ¼ 40.65 AE 3.95%; n ¼ 11). Furthermore, the relaxant response was not inhibited by propranolol (3 6 10 76 M), a b-adrenoceptor antagonist, since no modification of the dimaprit effect was observed (control, pEC 50 ¼ 3.46 AE 0.05; MR ¼ 32.90 AE 7.65%; and after the addition of the antagonist, pEC 50 ¼ 3.38 AE 0.02; MR ¼ 39.03 AE 6.21%; n ¼ 6). In addition, this H 2 antagonist induced no effect under conditions of resting tone.
In the presence of the H 1 and H 2 receptor antagonists, selective activation of histamine H 3 receptors by the agonist (R)-a-methylhistamine (10 79 -3 6 10 74 M) caused a contractile effect (pEC 50 ¼ 3.93 AE 0.10; MC ¼ 49.66 AE 7.52%) in resting rings. Thioperamide (10 76 M) failed to modify both vessel sensitivity to the H 3 agonist (pEC 50 ¼ 
Discussion
The main purpose of the present study was to identify and characterise functional postjunctional histamine receptors in the deep dorsal penile vein of the horse. Histamine produced an endothelium- Contractile response of horse deep dorsal penile vein to histamine AC Martínez et al independent contraction in precontracted vein rings and those at baseline tone. It has been established that the reactivity of horse erectile tissue is similar to that of man, 7 -9 thus horse penile vessel preparations are convenient models for this type of study. However, the results of the present study suggest that there are species differences with respect to the histamine response in erectile tissue. 10 Schoeffter and Godfraind 21 suggested that, at high histamine concentrations, contractions induced in rat isolated aorta were probably mediated by aadrenoceptors. In our experiments, any interaction between histamine and a-adrenoceptors was ruled out since no effect was shown by phentolamine on the concentration -response curve for histamine recorded in resting penile veins.
The concept of H 1 receptor-mediated contraction of horse vein rings is supported by the mepyramineinduced rightward shift of the concentrationresponse curves obtained. The displacement curve for mepyramine (pA 2 of 9.10 and pK B of 8.98) and the finding of a slope close to unity indicates competitive antagonism. PEA also produced a concentration-dependent contraction that was antagonised in a competitive fashion by mepyramine (pA 2 of 8.68 and pK B of 8.30). The pharmacological profile of the histamine receptors examined in the present study is consistent with published data obtained in functional experiments aimed at identifying H 1 receptors. 22 As previously noted by our group in rabbit dorsal penile artery, 18 it is possible that weak H 2 receptormediated relaxant action was masked by the potent H 1 receptor-mediated contractile effect. However, the presence of an H 1 receptor antagonist did not reveal the relaxation effect of this amine. Moreover, the selective H 2 receptor antagonist, cimetidine, had no influence on the histamine-induced contraction. This suggests that it is unlikely that H 2 receptors are involved in this histamine response. On the other hand, stimulation of H 2 receptors by dimaprit induced a relaxation at high concentrations in precontracted preparations but the inability of its selective antagonist to block the response suggests the involvement of the H 2 receptor is unlikely. Moreover, any interaction with b-adrenoceptors was ruled out by the lack of effect of propranolol on the dimaprit response. These results are in agreement with previous findings in studies performed on other preparations, in which H 2 receptors are not involved in the histamine response. 17 H 3 receptors, initially identified as presynaptic autoreceptors located on the axon terminals of central histaminergic neurons, 23 may also act as Contractile response of horse deep dorsal penile vein to histamine AC Martínez et al presynaptic heteroreceptors, both in the central and peripheral nervous system. 22 Although this receptor subtype is mainly found at nerve endings, H 3 receptors are also known to occur postjunctionally. 24, 25 However, the presence of histamine H 3 receptors in dorsal penile veins seems unlikely since thioperamide was unable to alter the contractile response to histamine. Moreover, according to our previous results obtained in horse dorsal penile arteries, 17 activation of histamine H 3 receptors with (R)-a-methylhistamine provokes a contractile effect that is resistant to the action of thioperamide. The absence of an effect of tetrodotoxin on agonistinduced contraction noted here, indicates that this contraction is not an indirect mechanism involving neuronal transmission, and may possibly be ascribed to a non-specific effect of the agonist. If we compare the present results with those previously obtained in specimens of dorsal penile artery of the same species, 17 it appears that the receptor subtype involved is the same, the H 1 receptor. However, this receptor was found to mediate two different effects; a biphasic response (relaxation=contraction) in precontracted arterial segments and a purely contractile response in vein specimens. Taken together, these results could explain the erection-evoking effect shown when histamine is administered in vivo. 12, 13 In general, the contractile response to histamine appears to involve the activation of the H 1 receptor alone and is unaffected by mechanical removal of the endothelium. 17, 18 However, experiments in bovine intrapulmonary vein, 26 and equine colonic veins 27 provide evidence for the involvement of histamine in mediating endothelium-dependent contraction. In our case, the contractile effect of histamine was endothelium-independent and H 1 receptors on vascular smooth muscle mediated direct constriction. These results only partly confirm those obtained in the horse dorsal penile artery, 17 in which only the relaxant phase required the presence of an intact endothelium, and the contractile phase was endothelium-independent. According to our present and previous findings, it appears that histamine, whether secreted under physiological or pathological conditions, may affect penile vascular tone and, in turn, influence the process of erection.
